Identification of danger signals in nevirapine-induced skin rash.
Nevirapine (NVP) can cause serious skin rashes and hepatotoxicity. It also causes an immune-mediated skin rash in rats but not hepatotoxicity. This rash is caused by a metabolite of NVP; specifically, NVP is oxidized in the liver to a benzylic alcohol (12-OH-NVP), which travels to the skin where it forms a reactive benzylic sulfate. This could both act as a hapten and induce a danger signal. In contrast, most of the covalent binding in the liver involves oxidation of the methyl group leading to a reactive quinone methide. In this study, we examined the effects of NVP and 12-OH-NVP on gene expression in the liver and skin. Both NVP and 12-OH-NVP induced changes in the liver, but the list of genes was different, presumably reflecting different bioactivation pathways. In contrast, many more genes were up-regulated in the skin by 12-OH-NVP than by NVP, which is consistent with the fact that 12-OH-NVP is an obligate intermediate in the formation of the reactive sulfate in the skin. Genes up-regulated by 12-OH-NVP in the skin included TRIM63 (18-fold increase), S100a7a (7-fold increase), IL22-RA2 (4-fold increase), and DAPK1 (3-fold increase). TRIM63 acts as a ubiquitin ligase, which is consistent with protein damage leading to an increase in protein turnover. In addition, TRIM proteins are involved in inflammasome activation, and it appears that inflammasome activation is an essential step in the induction of NVP-induced skin rash. S100A7 is considered a danger signal, and its upregulation supports the danger hypothesis. Upregulation of the IL-22 RA2 gene marks an immune response. DAPK1 is involved with inflammasome assembly through binding directly to NLRP3, a NOD-like receptor expressed in keratinocytes. These results provide important clues to how NVP causes the induction of an immune response, in this case leading to skin rash.